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OBJECTIVE

To examine whether glucagon-like peptide 1 receptor agonists (GLP-1RA) and
sodium–glucose cotransporter 2 inhibitors (SGLT2i) are preferentially initiated
among patients with cardiovascular disease, heart failure (HF), or nephropathy,
where these drug classes have established benefit, compared with dipeptidyl
peptidase 4 inhibitors (DPP-4i), for which corresponding benefits have not been
demonstrated.

RESEARCH DESIGN AND METHODS

We retrospectively analyzed claims of adults with type 2 diabetes included in
OptumLabs Data Warehouse, a deidentified database of commercially insured
and Medicare Advantage beneficiaries, who first started GLP-1RA, SGLT2i, or
DPP-4i therapy between 2016 and 2019. Using multinomial logistic regression,
we examined the relative risk ratios (RRR) of starting GLP-1RA and SGLT2i com-
pared with DPP-4i for those with a history of myocardial infarction (MI), cerebro-
vascular disease, HF, and nephropathy after adjusting for demographic and other
clinical factors.

RESULTS

We identified 75,395 patients who started GLP-1RA, 58,234 who started SGLT2i,
and 91,884 who started DPP-4i. Patients with prior MI, cerebrovascular disease,
or nephropathy were less likely to start GLP-1RA rather than DPP-4i compared
with patients without these conditions (RRR 0.83 [95% CI 0.78–0.88] for MI, RRR
0.77 [0.74–0.81] for cerebrovascular disease, and RRR 0.87 [0.84–0.91] for
nephropathy). Patients with HF or nephropathy were less likely to start SGLT2i
(RRR 0.83 [0.80–0.87] for HF and RRR 0.57 [0.55–0.60] for nephropathy). Both
medication classes were less likely to be started by non-White and older
patients.

CONCLUSIONS

Patients with cardiovascular disease, HF, and nephropathy, for whom evidence
suggests a greater likelihood of benefiting from GLP-1RA and/or SGLT2i therapy,
were less likely to start these drugs. Addressing this treatment/benefit paradox,
which was most pronounced in non-White and older patients, may help reduce
the morbidity associated with these conditions.
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More than 34 million adults, or 13% of
the U.S. adult population, have diabetes
(1), and 80% of those with diagnosed
diabetes are taking glucose-lowering
medications (2). Optimal patient-cen-
tered diabetes care is predicated on
treating each patient with medications
that are likely to yield the most benefit
and risk the least harm, weighing the
best available evidence against each
patient’s preferences and situation. Car-
diovascular disease is the leading cause
of death among patients with diabetes
(3–5), and kidney disease is one of the
most common complications of diabe-
tes and a major risk factor for cardio-
vascular and all-cause mortality (6).
Together, these conditions account for a
large proportion of health care expendi-
tures associated with diabetes (7). Thus,
while metformin is consistently recom-
mended as the first-line drug in the
management of type 2 diabetes, since
January 2017 (8), clinical guidelines
have advised that the choice of second-
line therapy be informed by presence of
these key comorbidities, specifically car-
diovascular disease, heart failure (HF),
and chronic kidney disease or nephrop-
athy, in addition to hypoglycemia risk,
considerations of medication adverse
effects and affordability, and patient
preference (9–12).
Postmarketing randomized controlled

trials of newly approved glucose-lower-
ing medications, which had been man-
dated by the U.S. Food and Drug
Administration between 2008 and 2020
to ensure their cardiovascular safety
(13), revealed favorable effects of gluca-
gon-like peptide-1 receptor agonists
(GLP-1RA) on cardiovascular and kidney
outcomes and of sodium–glucose
cotransporter 2 inhibitors (SGLT2i) on
HF and kidney outcomes. In contrast,
dipeptidyl peptidase-4 inhibitors (DPP-4i)
were largely cardiovascular/kidney-neu-
tral, while concerns about increased HF
risk with saxagliptin therapy were raised.
This evidence generated great interest in
using GLP-1RA and/or SGLT2i for patients
with relevant comorbidities (i.e., cardio-
vascular disease, HF, or nephropathy)
(14,15) and either caution (for saxaglip-
tin) or neutrality regarding the use of
DPP4i in these contexts (9). Thus, opti-
mal diabetes management would entail
preferential use of GLP-1RA and SGLT2i
in the presence of these comorbidities.
Yet, whether these drugs are indeed

more likely to be used by patients
with cardiovascular disease, HF, and/
or nephropathy than by patients with-
out these conditions in contemporary
clinical practice is unknown.

In an effort to identify opportunities
to better align management of diabetes
with the patient’s clinical situation and
best available evidence, we examine
whether commercially insured and
Medicare Advantage beneficiaries with
type 2 diabetes who have prior history
of cardiovascular disease (specifically,
myocardial infarction [MI] or cerebro-
vascular disease), HF, and nephropathy
are more likely to start treatment with
GLP-1RA and SGLT2i, as opposed to
DPP4i, between 2016 and 2019. We
also assess for differences in GLP-1RA,
SGLT2i, and DPP-4i initiation as a func-
tion of nonclinical factors, such as
patient age, sex, and racial/ethnic ori-
gin, in light of known disparities in dia-
betes health outcomes among these
groups (16–19). These results can inform
clinical decision making, the develop-
ment and implementation of decision
support tools, and use of health plan
formulary design and patient cost-shar-
ing to support evidence-based manage-
ment of hyperglycemia to ultimately
reduce the morbidity and mortality
associated with type 2 diabetes.

RESEARCH DESIGN AND METHODS

Study Design
We retrospectively analyzed deidenti-
fied administrative claims data from
OptumLabs Data Warehouse (OLDW),
which includes medical and pharmacy
claims and enrollment records for com-
mercial and Medicare Advantage enroll-
ees (20,21). OLDW contains longitudinal
health information on enrollees, repre-
senting a diverse mixture of ages, races/
ethnicities, and geographic regions across
the U.S. This study was exempt from
review by the Mayo Clinic Institutional
Review Board because it involved
research solely on preexisting and dei-
dentified data.

Study Population
We identified adults (aged $18 years)
with type 2 diabetes who initiated ther-
apy with GLP-1RA, SGLT2i, or DPP-4i
class medications (Supplementary Table
1) between 1 January 2016 and 31
December 2019 and were not treated

with any of these medications during
the preceding 12 months.

Patients with type 1 diabetes were
excluded. Diabetes type was ascertained
on the basis of International Classi-
fication of Diseases (ICD) codes and
medications filled during 12 months
preceding the index prescription fill
date, consistent with previously descri-
bed methodology (22,23). Specifically,
type 1 diabetes was assumed for
patients who had 1) more type 1 diabe-
tes than type 2 diabetes diagnosis codes
on evaluation and management visit
claims and had insulin claims, or 2) an
equal number of type 1 and type 2 dia-
betes diagnosis codes and had bolus
insulin claims and no sulfonylurea
claims. This approach was selected to
minimize misclassification of diabetes
type when using claims alone, because
patients with type 1 diabetes would be
treated with bolus (i.e., rapid-acting)
insulin and would not be treated with
sulfonylurea medications. Patients meet-
ing diagnosis-based criteria for type 1
diabetes but treated with nonsulfony-
lurea classes of noninsulin medications
were not reclassified as type 2 diabetes
because those medications may be used
off-label as adjunct therapies in type 1
diabetes. ICD codes indicative of type 1
diabetes included ICD-9th Revision-Clini-
cal Modification 250.x1 and 250.x3, and
ICD-10-CM codes E10.xxx and O24.0xx.
ICD codes indicative of type 2 diabetes
included ICD-9th Revision-Clinical Modi-
fication 250.x0 and 250.x2 and ICD-10-
CM E11.xxx and O24.1xx. Evaluation and
management visits were identified by
Current Procedural Terminology codes
99,201–99,499.

To examine the impact of glycemic
control on medication choice, we identi-
fied the subset of the study population
that had an available hemoglobin A1c
(HbA1c) result within the 6 months prior
to and including the index date. In the
event of multiple results, HbA1c closest to
the index date was considered. Labora-
tory test results are available for a subset
of the OLDW population based on con-
tractual agreements between OptumLabs
and commercial laboratory companies.

Explanatory Comorbidity Variables
Comorbidities for which there are evi-
dence-based indications for preferential
use of GLP-1RA (i.e., MI, cerebrovascular
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disease, and nephropathy) or SGLT2i
(i.e., HF and nephropathy), as opposed
to DPP-4i, were examined. All were
ascertained using primary and second-
ary ICD diagnosis codes from any claim
during the 12 months preceding the
index drug fill date (Supplementary
Table 2).

Other Covariates
Patient demographic characteristics
included age (categorized as 18–44,
45–64, 65–74, and $75 years), sex
(male or female), race/ethnicity (White,
Black, Hispanic, Asian, other/unknown),
U.S. region of residency (Midwest,
Northeast, South, West), and type of
health plan (commercial vs. Medicare
Advantage). Clinical variables included
prescriber specialty (endocrinology, pri-
mary care [comprising family medicine,
internal medicine, and pediatrics], cardi-
ology, nephrology, other, or unknown),
individual classes of glucose-lowering
medications used at the time of index
medication initiation (i.e., those filled
during 120 days prior to the index date,
per Supplementary Table 1), and comor-
bidities. GLP-1RA, SGLT2i, and DPP-4i
were classified as “first-line” if there
were no fills for any class of diabetes
drugs in the preceding 12 months. For
comorbidities, we specifically considered
the total count of diabetes complica-
tions as a surrogate for diabetes dura-
tion and severity, ascertained using the
Diabetes Complications Severity Index
(retinopathy, nephropathy, neuropathy,
cerebrovascular disease, cardiovascular
disease, and peripheral vascular disease)
(24), as well as the individual presence
of retinopathy, neuropathy, peripheral
vascular disease, dementia, chronic
obstructive pulmonary disease (COPD),
cirrhosis, and cancer (except for skin
cancer), as well as emergency depart-
ment (ED) visits or hospitalizations for
hypoglycemia and hyperglycemia. Code
sets used for all comorbidities are
detailed in Supplementary Table 2.

Statistical Analysis
All analyses were conducted at the
patient level. Characteristics of GLP-1RA
initiators, SGLT2i initiators, and DPP-4i
initiators as of the index date were
reported as frequencies with percen-
tages for categorical data and as means
with standard deviation (SD) or medians

with interquartile range (IQR) for contin-
uous variables. Differences across
groups were assessed using x2 tests for
categorical and Kruskal-Wallis tests for
continuous variables.

Multinomial logistic regression exam-
ined factors associated with GLP-1RA
and SGLT2i, compared with DPP-4i initi-
ation, with results presented as relative
risk ratios (RRR) and 95% confidence
intervals (CI). Model covariates included
explanatory variables and other covari-
ates detailed above. This model was
also used to calculate the adjusted rates
of GLP-1RA, SGLT2i, and DPP-4i initia-
tion in each calendar year for the over-
all study population and for subgroups
of patients with MI, cerebrovascular dis-
ease, HF, and nephropathy. In a sensitiv-
ity analysis, we additionally considered
interaction terms between year of med-
ication initiation and the presence of
compelling medical comorbidities (i.e.,
MI, cerebrovascular disease, HF, and
nephropathy).

Subgroup analysis was conducted
among patients with available HbA1c test
results, replicating the above modeling
approach but with the inclusion of HbA1c
test results as one of the covariates.
Analyses were conducted using SAS
Enterprise Guide 7.1 (SAS Institute, Cary,
NC) and Stata 15.1 (StataCorp, College
Station, TX).

RESULTS

Study Population
We identified 75,395 adults with type 2
diabetes who had initiated a GLP-1RA,
58,234 who initiated a SGLT2i, and
91,884 who initiated a DPP-4i between
2016 and 2019 (Supplementary Fig. 1).
Patients starting GLP-1RA and SGLT2i
were younger (57.3 [SD, 12.9] years
and 59.1 [SD, 12.0] years, respectively)
and more often White (62.4% and
60.5%, respectively) compared with
DPP-4i initiators, who were 65.0 (SD,
12.9) years old and 55.6% White (Table
1). GLP-1RA initiators were more fre-
quently women (57.6%), whereas
SGLT2i were started by women less
often (42.6%) compared with DPP-4i
initiators (49.1%). Primary care clini-
cians prescribed these medications at
least half of the time, with greater rates
of initiation for DPP-4i at 61.1% com-
pared with GLP-1RA at 50.4% and
SGLT2i at 58.7%.

Although traditionally recommended
as second-line therapies, GLP-1RA,
SGLT2i, and DPP-4i were used as first-
line drugs by 21.4%, 13.6%, and 16.3%
of patients being started on these
respective drug classes. Most of the
patients starting these drugs were
treated with metformin at the time of
initiation: 52.3%, 63.6%, and 56.6% of
GLP-1 RA, SGLT2i, and DPP-4i, respec-
tively. Baseline sulfonylurea use was the
second-most common, with 23.2%,
29.7%, and 33.2% patients treated
with sulfonylurea drugs at the time of
GLP-1 RA, SGLT2i, and DPP-4i initiation,
respectively.

Choice of Glucose-Lowering
Pharmacotherapy
After adjusting for demographic and
clinical covariates, we found patients
with a history of MI were significantly
less likely to start a GLP-1RA (RRR 0.83;
95% CI 0.78–0.88) than a DPP-4i, as
were patients with cerebrovascular dis-
ease (RRR 0.77; 95% CI 0.74–0.81)
(Table 2). Patients with nephropathy
were less likely to start both GLP-1RA
(RRR 87; 95% CI 0.84–0.91) and SGLT2i
(RRR 0.57; 95% CI 0.55–0.60) compared
with DPP-4i. Finally, patients with HF
were less likely to start a SGLT2i (RRR
0.83; 95% CI 0.80–0.87) than a DPP-4i.

Indeed, patients with any of the
examined conditions were less likely to
start GLP-1RA or SGLT2i as opposed to
DPP-4i, with the exception of patients
with neuropathy who were more likely
to start a GLP-1RA than DPP-4i.

Primary care providers were signifi-
cantly less likely than endocrinologists
to initiate GLP-1RA (RRR 0.43; 95% CI
0.41–0.44) or SGLT2i (RRR 0.60; 95% CI
0.57–0.62) rather than DPP-4i (Table 2).
Nephrologists were also less likely to
initiate GLP-1RA (RRR 0.27; 95% CI
0.22–0.32) or SGLT2i (RRR 0.42; 95% CI
0.34–0.51) rather than DPP-4i. Cardiolo-
gists, however, were more likely to
initiate SGLT2i (RRR 1.65; 95% CI
1.47–1.85), although still less likely to
initiate GLP-1RA (RRR 0.37; 95% CI
0.31–0.43).

The RRR of starting either a GLP-1RA
or a SGLT2i as opposed to a DPP-4i
increased over time (Table 2). In 2016,
DPP-4i were started more frequently
than GLP-1RA or SGLT2i in the overall
study population as well in subgroups
of patients with MI, cerebrovascular
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Table 1—Study population
GLP-1RA initiators SGLT2i initiators DPP-4i initiators

P value(n = 75,395) (n = 58,234) (n = 91,884)

Demographics
Age, years, mean (SD) 57.3 (12.9) 59.1 (12.0) 65.0 (12.9) <0.001
Age-group, n (%) <0.001

18–44 years 12,805 (17.0) 6,969 (12.0) 6,594 (7.2)
45–64 years 38,628 (51.2) 31,016 (53.3) 33,855 (36.8)
65–74 years 17,771 (23.6) 14,663 (25.2) 28,450 (31.0)
$75 years 6,191 (8.2) 5,586 (9.6) 22,985 (25.0)

Sex, n (%) <0.001
Female 43,408 (57.6) 24,779 (42.6) 45,149 (49.1)
Male 31,987 (42.4) 33,455 (57.4) 46,735 (50.9)

Race/ethnicity, n (%) <0.001
White 47,017 (62.4) 35,225 (60.5) 51,096 (55.6)
Black 11,742 (15.6) 8,087 (13.9) 16,468 (17.9)
Hispanic 10,148 (13.5) 9,090 (15.6) 14,994 (16.3)
Asian 1,761 (2.3) 2,463 (4.2) 4,662 (5.1)
Unknown 4,727 (6.3) 3,369 (5.8) 4,664 (5.1)

U.S. region, n (%) <0.001

Midwest 18,346 (24.3) 13,728 (23.6) 20,679 (22.5)
Northeast 7,153 (9.5) 5,760 (9.9) 12,941 (14.1)
South 41,283 (54.8) 32,106 (55.1) 49,480 (53.9)
West 8,613 (11.4) 6,640 (11.4) 8,784 (9.6)

Insurance type, n (%) <0.001

Commercial 45,033 (59.7) 35,543 (61.0) 35,233 (38.3)
Medicare Advantage 30,362 (40.3) 22,691 (39.0) 56,651 (61.7)

Index year, n (%) <0.001

2016 12,347 (16.4) 11,515 (19.8) 22,514 (24.5)
2017 16,887 (22.4) 14,263 (24.5) 25,131 (27.4)
2018 20,373 (27.0) 13,877 (23.8) 23,041 (25.1)
2019 25,788 (34.2) 18,579 (31.9) 21,198 (23.1)

Clinical characteristics

Baseline medication fills, n (%)
None 21,132 (28.0) 12,393 (21.3) 22,481 (24.5) <0.001
Metformin 39,414 (52.3) 37,050 (63.6) 52,024 (56.6) <0.001
Sulfonylureas 17,475 (23.2) 17,276 (29.7) 30,495 (33.2) <0.001
Thiazolidinediones 3,615 (4.8) 3,301 (5.7) 4,120 (4.5) <0.001
Insulin (any) 22,493 (29.8) 10,522 (18.1) 13,265 (14.4) <0.001
Basal insulin 19,608 (26.0) 9,107 (15.6) 11,633 (12.7) <0.001
Bolus insulin 11,105 (14.7) 4,774 (8.2) 5,253 (5.7) <0.001
Other medication(s) 173 (0.2) 123 (0.2) 268 (0.3) 0.004

Treatment type, n (%) <0.001
First-line 16,164 (21.4) 7,944 (13.6) 14,996 (16.3)
Second-line 59,231 (78.6) 50,290 (86.4) 76,888 (83.7)

Diabetes complications count, n, mean (SD) 1.0 (1.3) 0.9 (1.1) 1.2 (1.3) <0.001
Diabetes complications count, n (%) <0.001

0 35,375 (46.9) 28,440 (48.8) 35,792 (39.0)
1 18,860 (25.0) 15,860 (27.2) 23,986 (26.1)
2 10,689 (14.2) 7,958 (13.7) 15,850 (17.3)
3 6,081 (8.1) 3,827 (6.6) 9,413 (10.2)
$4 4,390 (5.8) 2,149 (3.7) 6,843 (7.4)

Comorbidities, n (%)
Retinopathy 9,951 (13.2) 6,571 (11.3) 12,645 (13.8) <0.001
Nephropathy 14,149 (18.8) 7,677 (13.2) 22,773 (24.8) <0.001
Neuropathy 19,510 (25.9) 12,457 (21.4) 22,786 (24.8) <0.001
Peripheral vascular disease 9,462 (12.5) 6,415 (11.0) 14,613 (15.9) <0.001
Dementia 1,137 (1.5) 530 (0.9) 4,109 (4.5) <0.001
MI 2,445 (3.2) 2,277 (3.9) 4,327 (4.7) <0.001
Heart failure 6,453 (8.6) 4,210 (7.2) 11,383 (12.4) <0.001
Cerebrovascular disease 5,829 (7.7) 4,360 (7.5) 11,291 (12.3) <0.001
Chronic obstructive pulmonary disease 9,102 (12.1) 6,052 (10.4) 13,345 (14.5) <0.001
Cancer 4,546 (6.0) 3,506 (6.0) 8,087 (8.8) <0.001

Continued on p. 2306
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disease, HF, and nephropathy (Fig. 1;
Supplementary Table 3). By 2019, the
adjusted proportion of patients starting
GLP-1RA exceeded the proportion
starting SGLT2i or DPP-4i in the overall
population and in all of the comorbid-
ity subgroups. However, SGLT2i were
started less frequently than DPP-4i by
patients with HF and nephropathy
even in 2019. We further conducted a
sensitivity analysis that considered the
interaction between calendar year of
medication initiation and the comor-
bidities calling for preferential use of
GLP-1RA and/or SGLT2i as opposed
to DPP-4i (Supplementary Table 4). We
found no consistently significant inter-
action between year and GLP-1RA
initiation for any of the examined
comorbidities. The relative risks of
SGLT2i initiation among patients with
MI and HF, but not cerebrovascular
disease or nephropathy, did become
more likely over time.

Demographic Differences in the
Choice of Glucose-Lowering
Pharmacotherapy
The relative risks of starting a GLP-1RA
or a SGLT2i, as opposed to DPP-4i,
decreased progressively with age (Table 2).
This was most apparent for GLP-1RA ini-
tiation, where compared with patients

18–44 years the RRR of GLP-1RA versus
DPP-4i initiation were 41%, 62%, and
72% lower among patients 45–64,
65–74, and $75 years old. All non-
White racial/ethnic groups were less
likely to start a GLP-1RA or SGLT2i, as
opposed to a DPP-4i, than White
patients. Women were more likely to
start a GLP-1RA (RRR 1.49; 95% CI
1.45–1.52) than men, but were less
likely to start a SGTL2i (RRR 0.85; 95%
CI 0.83–0.87). Finally, enrollees in Medi-
care Advantage plans were less likely to
start a GLP-RA (RRR 0.71; 95% CI
0.69–0.74) or a SGLT2i (RRR 0.61; 95%
CI 0.59–0.64), as opposed to a DPP-4i,
compared with enrollees in a private
health plan.

Impact of Glycemic Control on
Medication Choice (Subgroup
Analysis)
HbA1c test result data were available for
�40% of the study population (Table 1).
Median HbA1c was 8.1% (IQR 6.7–9.7)
among patients started on GLP-1RA,
8.3% (IQR 7.3–9.7) among patients start-
ing SGLT2i, and 8.0% (IQR 7.1–9.3)
among patients starting DPP-4i. Baseline
characteristics of patients in the HbA1c
subset (Supplementary Table 5) and
associations between each of the base-
line variables and the relative risk of

GLP-1RA and SGLT2i initiation (Supple-
mentary Table 6) were similar to the
overall study population. The RRR of
GLP-1RA initiation, as opposed to
DPP-4i initiation, were greater among
patients with lower HbA1c levels (RRR
3.62 [95% CI, 3.23–4.07] for HbA1c
#5.6% and RRR 1.81 [95% CI, 1.68–
1.96] for HbA1c 5.7–6.4% vs. 6.5–6.9%),
lower among patients with moderately
elevated HbA1c (RRR 0.76 [95% CI,
0.71–0.81] for HbA1c 7.0–7.9% and RRR
0.92 [95% CI, 0.86–0.99] for HbA1c 8.0–
8.9%), and similar for high HbA1c (i.e.,
$9.0%) compared with HbA1c 6.5–
6.9%. In contrast, the relative risks of
SGLT2i initiation were lower at low
HbA1c (RRR 0.75 [95% CI, 0.64–0.88] for
HbA1c #5.6% and RRR 0.91 [95% CI,
0.84–0.98] for HbA1c 5.7–6.4%), similar
at moderate elevated HbA1c, and higher
for high HbA1c (RRR 1.14 [95% CI, 1.06–
1.23] for HbA1c 9.0–9.9% and RRR 1.13
[95% CI, 1.06–1.21] for HbA1c $10%)
compared with HbA1c 6.5–6.9%.

CONCLUSIONS

High-quality, patient-centered diabetes
care is predicated on treating each
patient with the drugs that are most
likely to benefit and least likely to harm
them. Yet, in our study population,

Table 1—Continued
GLP-1RA initiators SGLT2i initiators DPP-4i initiators

P value(n = 75,395) (n = 58,234) (n = 91,884)

Cirrhosis 692 (0.9) 495 (0.9) 1,108 (1.2) <0.001
Prior severe hyperglycemia 449 (0.6) 230 (0.4) 587 (0.6) <0.001
Prior severe hypoglycemia 545 (0.7) 245 (0.4) 1,208 (1.3) <0.001

Prescriber specialty, n (%) <0.001

Primary care 38,021 (50.4) 34,208 (58.7) 56,152 (61.1)
Endocrinology 11,267 (14.9) 6,268 (10.8) 5,554 (6.0)
Cardiology 272 (0.4) 842 (1.4) 703 (0.8)
Nephrology 160 (0.2) 131 (0.2) 485 (0.5)
Other 11,339 (15.0) 7,361 (12.6) 7,807 (8.5)
Unknown 14,336 (19.0) 9,424 (16.2) 21,183 (23.1)

HbA1c available within prior 6 months 27,843 (36.9) 24,189 (41.5) 37,022 (40.3) <0.001

HbA1c level, %, median (IQR)* 8.1 (6.7, 9.7) 8.3 (7.3, 9.7) 8.0 (7.1, 9.3) <0.001

HbA1c category, n (%)* <0.001

#5.6% 1,931 (6.9) 299 (1.2) 588 (1.6)
5.7–6.4% 3,936 (14.1) 1,760 (7.3) 3,424 (9.2)
6.5–6.9% 2,249 (8.1) 2,068 (8.5) 3,806 (10.3)
7.0–7.9% 4,890 (17.6) 6,075 (25.1) 10,247 (27.7)
8.0–8.9% 4,998 (18.0) 5,238 (21.7) 7,956 (21.5)
9.0–9.9% 3,705 (13.3) 3,357 (13.9) 4,502 (12.2)
$10.0% 6,134 (22.0) 5,392 (22.3) 6,499 (17.6)

Baseline characteristics of adults with type 2 diabetes at the time of their first prescription fill of a GLP-1RA, SGLT2i, or DPP-4i. *The denomi-
nator for HbA1c values are patients with baseline HbA1c data available.
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Table 2—Demographic and clinical factors associated with starting GLP-1RA and SGLT2i therapy compared with DPP-4i therapy

GLP-1RA vs. DPP-4i SGLT2i vs. DPP-4i

RRR (95% CI) P value RRR (95% CI) P value

Age-group
18–44 years Reference — Reference —

45–64 years 0.59 (0.57–0.61) <0.001 0.88 (0.85–0.92) <0.001
65–74 years 0.38 (0.36–0.40) <0.001 0.73 (0.69–0.76) <0.001
$75 years 0.18 (0.17–0.19) <0.001 0.42 (0.39–0.44) <0.001

Sex

Male Reference — Reference —

Female 1.49 (1.45–1.52) <0.001 0.85 (0.83–0.87) <0.001

Race/ethnicity

White Reference — Reference —

Black 0.71 (0.69–0.73) <0.001 0.76 (0.74–0.79) <0.001
Hispanic 0.64 (0.62–0.66) <0.001 0.81 (0.79–0.84) <0.001
Asian 0.39 (0.36–0.41) <0.001 0.72 (0.68–0.76) <0.001
Unknown 0.87 (0.83–0.91) <0.001 0.90 (0.86–0.95) <0.001

U.S. region

Midwest Reference — Reference —

Northeast 0.82 (0.79–0.86) <0.001 0.84 (0.81–0.88) <0.001
South 1.02 (1.00–1.05) 0.11 1.09 (1.06–1.12) <0.001
West 1.08 (1.03–1.12) <0.001 1.05 (1.01–1.10) 0.02

Insurance type

Commercial Reference — Reference —

Medicare Advantage 0.71 (0.69–0.74) <0.001 0.61 (0.59–0.64) <0.001

Index year

2016 Reference — Reference —

2017 1.38 (1.33–1.42) <0.001 1.24 (1.20–1.28) <0.001
2018 1.97 (1.91–2.04) <0.001 1.40 (1.35–1.44) <0.001
2019 2.90 (2.81–2.99) <0.001 2.17 (2.10–2.24) <0.001

Baseline medication fills

None 1.56 (1.50–1.62) <0.001 0.99 (0.95–1.03) 0.64
Metformin 1.10 (1.07–1.14) <0.001 1.22 (1.17–1.26) <0.001
Sulfonylureas 0.94 (0.91–0.96) <0.001 1.00 (0.97–1.02) 0.84
Thiazolidinediones 1.51 (1.44–1.59) <0.001 1.38 (1.31–1.45) <0.001
Basal insulin 2.75 (2.66–2.84) <0.001 1.50 (1.45–1.56) <0.001
Bolus insulin 2.28 (2.18–2.38) <0.001 1.71 (1.63–1.80) <0.001
Other medication(s) 1.18 (0.96–1.46) 0.12 0.93 (0.74–1.16) 0.51

Diabetes complications count

0 Reference — Reference —

1 1.04 (1.00–1.08) 0.03 1.17 (1.13–1.21) <0.001
2 1.11 (1.05–1.18) <0.001 1.27 (1.19–1.34) <0.001
3 1.21 (1.12–1.32) <0.001 1.38 (1.26–1.51) <0.001
$4 1.30 (1.16–1.47) <0.001 1.47 (1.29–1.66) <0.001

Comorbidities

MI 0.83 (0.78–0.88) <0.001 1.05 (0.99–1.11) 0.09
Cerebrovascular disease 0.77 (0.74–0.81) <0.001 0.82 (0.78–0.86) <0.001
Heart failure 0.86 (0.82–0.89) <0.001 0.83 (0.80–0.87) <0.001
Nephropathy 0.87 (0.84–0.91) <0.001 0.57 (0.55–0.60) <0.001
Retinopathy 0.99 (0.95–1.03) 0.66 0.90 (0.86–0.94) <0.001
Neuropathy 1.12 (1.08–1.17) <0.001 0.95 (0.91–0.99) 0.008
Peripheral vascular disease 0.89 (0.85–0.93) <0.001 0.84 (0.80–0.88) <0.001
Prior severe hyperglycemia 0.45 (0.39–0.52) <0.001 0.50 (0.42–0.59) <0.001
Prior severe hypoglycemia 0.62 (0.55–0.69) <0.001 0.55 (0.47–0.63) <0.001
Dementia 0.58 (0.54–0.62) <0.001 0.41 (0.37–0.45) <0.001
Chronic obstructive pulmonary disease 0.97 (0.94–1.01) 0.12 0.92 (0.89–0.95) <0.001
Cancer 0.88 (0.84–0.92) <0.001 0.88 (0.84–0.92) <0.001
Cirrhosis 0.73 (0.65–0.81) <0.001 0.79 (0.71–0.89) <0.001

Continued on p. 2308
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patients more likely to benefit from
GLP-1RA and/or SGLT2i drug classes
were less likely to start them. For exam-
ple, patients with cardiovascular disease
(i.e., history of MI or cerebrovascular
disease) and nephropathy were less
likely to start a GLP-1RA, while patients
with HF and nephropathy were less
likely to start a SGLT2i. This treatment/
benefit paradox, whereby patients
most likely to benefit from a particular
drug are not prescribed it, represents
an important opportunity to optimize
glucose-lowering treatment regimens
and improve health outcomes among
highest-risk patients with type 2
diabetes.

Several factors may contribute to the
underuse of GLP-1RA and SGLT2i rela-
tive to DPP-4i by patients with evi-
dence-based indications for their use.
Clinician familiarity and comfort with
using medications is a strong determi-
nant of their use (25–29). Some clini-
cians may not be aware of the
nonglycemic benefits of GLP-1RA and
SGLT2i, and as such preferentially pre-
scribe these newer, costly medications
in situations where more intensive man-
agement is warranted (i.e., in younger
patients and those with less comorbid-
ity). Clinicians may also hesitate to pre-
scribe drugs with which they have less
experience to patients with serious
health conditions whom they may per-
ceive to be at greater risk for adverse
drug reactions or for deterioration in
health status as a result of a medication
change.

In addition to gaps in GLP-1RA and
SGLT2i initiation by patients with clinical
indications for their use, we found dis-
parities as a function of race/ethnicity,
sex, and age. Compared with White

patients, Black, Hispanic, and Asian
patients were all less likely to start both
GLP-1RA and SGLT2i. Several prior
studies demonstrated lower rates of
new drug use by Black patients (22,
30,31), although until now there were
insufficient data in other racial/ethnic
groups, and this may contribute to
worse diabetes health outcomes in
minority populations (32). Older adults
were significantly less likely to start
both GLP-1RA and SGLT2i compared
with younger patients, as were patients
with Medicare Advantage as opposed
to private health insurance coverage.
Indeed, an earlier study comparing pat-
terns of glucose-lowering medication
use among older adults with Medicare
Advantage and private health plans
found Medicare Advantage beneficia-
ries were less likely to be treated with
GLP-1RA or SGLT2i but were more
likely to be treated with DPP-4i than
similarly aged beneficiaries of private
health plans despite similar formulary
designs (33). Women were less likely
than men to start SGLT2i but more
likely to start GLP-1RA. This may reflect
women’s concerns about the adverse
effect profiles of these drugs, including
urinary tract infections with SGLT2i
(deterring use) and weight loss with
GLP-1RA (favoring use). However, more
nuanced and complete understanding of
factors driving the observed differences
in medication use would require individ-
ual engagement and qualitative explora-
tion of clinicians’ and patients’ attitudes
and beliefs regarding glucose-lowering
medications.

We were surprised to find how fre-
quently all three medications were used
as first-line agents, even though they
are generally recommended for use as

second-line drugs in addition to metfor-
min (9). Overall, 21.4% of GLP-1RA ini-
tiators, 13.6% of SGT2i initiators, and
16.3% of DPP-4i initiators had no fills
for another glucose-lowering drug in
the year prior to starting one of these
drugs. Treatment-naïve patients were
more likely to start a GLP-1RA than a
DPP-4i, potentially reflecting GLP-1RA’s
secondary indications for weight loss.
We could not verify this in our data,
because biometric (i.e., BMI) data are
not available in the OLDW claims
database. We also did not examine
whether first-line initiation of these
drugs occurred among patients with
clinical indications for them (e.g., SGLT2i
among patients with HF, GLP-1RA
among patients with cardiovascular dis-
ease), but patients with these comor-
bidities were, overall, less likely to be
prescribed the preferred drugs. More-
over, our earlier study assessing SGLT2i
adoption found that SGLT2i initiation as
a first-line drug was less, not more,
likely in patients with underlying HF
(22).

Our findings reinforce the need for
care delivery models that better sup-
port evidence-based diabetes manage-
ment and use of GLP-1RA and SGLT2i
drugs. This is particularly important for
primary care clinicians who initiated
glucose-lowering medications for the
majority of patients. Other specialists
may also help support evidence-based
prescribing of glucose-lowering therapy.
Current guidelines for cardiovascular dis-
ease and HF management in patients
with type 2 diabetes recommend prefer-
ential use of GLP-1RA and SGLT2i in
patients with or at high risk for cardio-
vascular disease and HF, respectively,
even with mild hyperglycemia and as

Table 2—Continued

GLP-1RA vs. DPP-4i SGLT2i vs. DPP-4i

RRR (95% CI) P value RRR (95% CI) P value

Prescriber specialty
Endocrinology Reference — Reference —

Primary Care 0.43 (0.41–0.44) <0.001 0.60 (0.57–0.62) <0.001
Cardiology 0.37 (0.31–0.43) <0.001 1.65 (1.47–1.85) <0.001
Nephrology 0.27 (0.22–0.32) <0.001 0.42 (0.34–0.51) <0.001
Other 0.58 (0.55–0.61) <0.001 0.65 (0.61–0.68) <0.001
Unknown 0.48 (0.46–0.50) <0.001 0.58 (0.55–0.61) <0.001

Multinomial logistic regression examined the RRR of GLP-1RA and SGLT2i compared with DPP-4i initiation, after adjusting for the other varia-
bles shown.
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first-line therapy (34–37). In our study,
cardiologists were more likely to pre-
scribe SGLT2i than any other specialty,

but primary care clinicians and nephrol-
ogists were less likely to prescribe either
GLP-1RA or SGLT2i than endocrinologists.

This is the first study, to our knowl-
edge, to examine contemporary trends
in glucose-lowering medication use in

Figure 1—Adjusted proportions of patients initiating GLP-1RA, SGLT2i, and DPP-4i therapy between 2016 and 2019.
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the era following cardiovascular out-
comes trials, focusing specifically on
whether drug choice in patients with
type 2 diabetes was optimized to ensure
greatest benefit. It does, however, have
important limitations. The study popula-
tion consisted of commercial and Medi-
care Advantage beneficiaries, and medi-
cation use patterns likely differ among
patients without insurance, with public
or other private health plans, or outside
the U.S. Our data captured medications
filled through the health benefit, but
medications obtained through low-cost
generic drug programs (38,39), which do
not include GLP-1RA, SGLT2i, or DPP4i,
or those obtained as samples, cannot be
captured. This may have resulted in an
overestimate of patients starting all three
classes of medications as first-line ther-
apy, although this would not explain the
greater proportion of presumably treat-
ment-naïve patients starting GLP-1RA as
opposed to DPP-4i. Finally, we could not
assess other factors that may influence
the choice of glucose-lowering therapy,
including patient interest and acceptance,
as these considerations cannot be cap-
tured by administrative data.

In conclusion, our findings reveal an
important treatment/benefit paradox,
whereby patients most likely to benefit
from specific classes of glucose-lowering
medications are less likely to receive
them. Initiation of clinically preferred
medications (i.e., GLP-1RA and SGLT2i)
was most reduced among older and
non-White patients, reinforcing the dis-
parities seen in diabetes management
and potentially contributing to poor
health outcomes in these populations.
Patient and clinician education regard-
ing individualized approaches to diabe-
tes management, care delivery models
that support shared decision making
(i.e., point-of-care clinical decision sup-
port and decision aides), and health
plan reimbursement for evidence-based
treatment strategies, may therefore
help improve access to new diabetes ther-
apeutics, reduce disparities, and improve
the health outcomes for patients living
with diabetes.
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